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[57] ABSTRACT 

A microwave dielectric ceramic composition which is 
obtained by selecting, in a composition formula of 
(Ai+j B^+j) Ti03, Li>+ and Nd3+, Co^+ or Pr3+ as 
Ai+ and B3+, respectively. The dielectric ceramic 
composition expressed by (A^ + j-B^+j) TiOahas a high 
dielectric constant and has a temperature coefficient of 
resonance frequency rf which is large on the minus side. 
MgO, CoO, ZnO, CaCOa or SrCOa is added to such a 
dielectric ceramic composition expressed by 
(A^-f j-B^+ j/TiOs, to improve the Q value of the ditelec- 
tric cenumc composition. 

15 Claims, 3 Drawing Sheets 
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Fig. 2 
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Fig. 3 



200 - 



B 150 




(Lii/2-SiBi/2)TiQ3l00 80 60 40 20 
CaTlOa 0 20 40 60 80 



+1000 



- + 800 



-•1-600 



-+ 400 



- + 200 



- 0 



-200 



0 aol Z 
100 Mol Z 



5,188,993. 

1 2 

dielectric constant € and having a temperature coeffici- 
MICROWAVE DIELECTRIC CERAMIC ent of resonance frequency rf which is close to zero. 

COMPOSITION When a microwave dielectric ceramic composition 

according to the present invention is expressed by a 
BACKGROUND OF THE INVENTION 5 composition formula of (Ai+j-B^+j) TiOs, Lii+ and 

1. Field of the Invention Nd3+. Sm^H", Co3+ or Pr3+ are respectively selected as 
The present invention relates to dielectric ceramic Furthermore, the present invention provides a dielec- 

composmons for use as resonators employed m a nucro- ^^^^ composition obtained by suitably selecting 

wave frequency band of several gigahertz. ^ ^^Os or SrCOj and adding the 

2. Description of the Prior Art ^j,^ ^^^^ composition expressed by 
In recent years, attempts have been made to use a ) TiO 

diel«:tric material for a resonator or a filter used in xhe above described dielectric ceramic composition 
satellite communication, broadcastmg and nucrowave ^^ ^^^ ^ (Ai+j.B3+j) TiO, has a high dielectric 
remote commumcationusmg a microwave a frequency 15 ^^.^^^ ^ has a temperature coefficient of reso- 
band of several gigahertz. A transmitter-receiver such ^^^^ frequency rf which is large on the minus side, 
as a microwave remote recogmtion system is also ^^^^ 5^.^03 is added to such a 

sought. dielectric ceramic composition (Lij-B^+i) TiOa, 

Examples of this type of dielectnc ceramic material thereby to improve the Q value of the dielectric ce- 
conventionally used include a composition of a BaO- 20 composition 

Ti02-Nd203-Bi203 system which is proposed in, for Additionally, when the microwave dielectric ceramic 
example, Japanese Patent Laid-Open Gazette No. composition according to the present invention is ex- 
8806/1986. In this conventional dielectric ceramic com- pressed by a composition formula of W.AI+2O-X- 
position, its dielectnc constant € is as high as 70 to 90. In .Ai+'20-y-B3+203-z.Ti02 (where w4-x+y-hz= 100 
addition, the temperature coefficient of resonance fre- 25 ^^j^ j^-j^^ Nai+, and Nd3+ or Sm3+ are respec- 
quency rf of the dielectric ceramic composition is also tively selected as A^ +, A' +', and 3^+. 
high, i.e.. + 10 to about +20 PPM/X., so that sufficient described in the foregoing, a dielectric ceramic 

properties cannot be obtamed. composition mainly composed of Li20-Na20-Sm203- 

Meanwhile, when a dielectric resonator is con- Ti02 and a dielectric ceramic composition mamly com- 
structed, the higher the dielectric constant € of a mate- UiO N^NaiO-^dzOz-TiOi have a high dielec- 

rial used, the smaller the size the resonator can be, Ac- ^^c constant c and have a low temperature coeffTicient 
cordingly, a material having a higher dielectric constant resonance frequency rf. 

€ is desired. Furthermore, when the microwave dielectric ce- 

Examples of a material having a high dielectric con- composition according to the present invention is 

stant € include SrTiOs and CaTi03. However, these expressed by a composition formula of v-B^+ ^Os — 
cannot be used because the dielectric constant c is very WAI+2O— x^A^+ ^O— y-B3+203~z-Ti02 (where 
high, i.e., 300 and 180, while their temperature coeffici- v+w-hx-hy-f z=100 mole Lii+, Na^^, Sm^^, 
ent of resonance frequency rf is very high, i.e., +1700 ^nd Nd3+ or Pr^^ are respectively selected as Ai+, 
TFUrC. and +800 PPM/'C. ^ Ai+', B3+, and B^+'. 

Examples of a method of reducing the temperature described in the foregoing, a dielectric ceramic 

coefficient of resonance frequency rf of such a dielec- composition mainly composed of Nd203-Li20-Na20- 
tric ceramic composition include a method of combin- Sm203-Ti02 and a dielectric ceramic composition 
ing a material having a dielectric constant e which is as mainly composed of Pr203-Li20-Na20-Sm203-Ti02 
high as possible and a temperature coefficient of reso- ^5 have a high dielectric constant € and have a low temper- 
nance frequency rf which takes a minus value with the ature coefficient of resonance frequency rf. 
dielectric ceramic composition. According to this Furthermore, when the microwave dielectric ce- 
method, a ceramic composition having a high dielectric ramie composition according to the present invention is 
constant c and having a low temperature coefficient of expressed by a composition formula of w«A^+20— x- 
resonance frequency rf is obtained by a suitable combi- jq -CaO— y'B3+203— z-TiOhd 2 (where 

nation. w+x+y+z= 100 mole %), Li^+ and Sm3+ or Nd3+ 

In general, however, as the dielectric constant c be- are respectively selected as A^+ and 3^+. thus, a di- 
comes higher, the temperature coefficient of resonance electric ceramic composition mainly composed of 
frequency rf becomes larger on the plus side. A material Li20-CaO-Sm203-Ti02 and a dielectric ceramic com- 
having a high dielectric constant € and a temperature 55 position mainly composed of Li20-CaO-Nd203-Ti02 
coefficient of resonance frequency rf which is large on have a high dielectric constant c and have a low temper- 
the minus side has not been known. ature coefficient of resonance frequency rf. 

^TTvrMAH Y OF TRF TWFNTION Additionally, when the microwave dielectric ceramic 

SUMMARY OF Ttib. IJN VtilN IIUXN composition according to the present invention is ex- 

The present invention has been made in view of the 60 pressed by a composition formula of x«(Lij»B^+|) Ti- 
above described points and has for its object to obtain a O3— (100— x)-CaTi03 (Where 0 mole %<x< 100 mole 
dielectric ceramic composition having a high dielectric %), Nd^^ or Sm^+ is selected as B3+. 
constant c and having a temperature coefficient of reso- Furthermore, when the microwave dielectric ce- 
nance frequency rf which is large on the minus side. ramie composition according to the present invention is 

Anotherobject of the present invention is to improve 65 expressed by a composition formula of x.(Lij«B3+j) 
the Q value of such a dielectric ceramic composition. Ti03— 100-x).(Nai.C3+ j) Ti03 (where 0 mole % <x- 

Still another object of the present invention is to . < 100 mole %), Nd3+ or Sm^^ and Nd3+ or Sm^+ are 
provide a dielectric ceramic composition having a high respectively selected as and C^^. 
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Moreover, the above described dielectric ceramic The blended powder was then dried at 120* C. for 24 

composition TiOa and a dielectric ceramic hours. The dried powder was crushed in a mortar made 

composition (Naj-C^+j) TiOs or CaTiOa are combined of alumina. The crushed powder was packed in a boat 

with each other, thereby to obtain a dielectric ceramic made of magnesia (MgO) and calcined at 900* to 1200* 

material having a high dielectric constant e and having 5 C, and particularly, at 1 150* C. in the present embodi- 

a low temperature coefficient of resonance frequency ment for two hours. The calcined powder is crushed 

rf. again in the mortar. 

The foregoing and other objects, features, aspects This crushed powder was put in the nylon pot under 

and advantages of the present invention will become the following condition and wet-ground for 20 to 60 

more apparent from the following detailed description 10 hours, and particularly, for 30 hours, in the present 

of the present invention. embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS '^^^00^'^^"'^''^°'' ^'^^''^ alcohol=100 

FIG. 1 is a characteristic diagram showing a charac- Subsequently, this ground powder was dried at 120" 
teristic curve of a dielectric constant c and a tempera- 15 c. for 24 hours. The dried ground powder was crushed, 
ture coefficient of resonance frequency rf against the and a 10 solution of polyvinyl alcohol is mixed as a 
mixture ratio of (Li|*Sm|) TiOa to (Nai^Smj) TiOa ac- binder so as to account for three per cent of 50 g of the 
cording to the present invention; powder using the mortar to granulate the powder. The 

FIG. 2 is a characteristic diagram showing a charac- granulated powder was dried at 100* C. for five hours, 
teristic curve of a dielectric constant € and a tempera- 20 Thereafter, the dried powder was classified using two 
ture coefficient of resonance frequency rf against the types of screens, that is, a 100-mesh screen (150 ixm) and 
mixture ratio of (Lij-Ndj) TiOs to CaTiOa according a 200-mesh screen (75 fim), to take out only grains hav- 
present invention; and ing a diameter of 75 to 150 ptm. 

FIG. 3 is a characteristic diagram showing a charac- xhe classified pKJwder was pressed into a disc having 

teristic curve of a dielectric constant € and a tempera- 25 ^ diameter of 10 mm and a thickness of 6 mm at a pres- 
ture coefficient of resonance frequency rf against the sure of 2000 to 3000 Kg/cm^, and particularly, 2550 
mixture ratio of (Li j-Sm j) TiOa to CaTiOa according to Kg/cm^, in the present embodiment, 
the present invention. Subsequently, the pressed forming powder was put in 

DESCRIPTION OF THE PREFERRED ^ boat for sintering made of alumina with a plate made 

EMBODIMENTS zirconia (ZrOi) being laid on the bottom thereof, and 

was held and sintered for two hours at 350* C, for two 

Descriptionisnowmadedf a first embodiment of the ^Qurs at 600* C. and for five hours at 1300* C. at a 
present invention. heating rate of 150* C./H. Both surfaces of the sintered 

A microwave ceramic composition according to the object ware polished using abrasive powder OF-800# 
first embodiment is obtained by selecting, in a composi- 35 manufactured by, for example, Fujimi Abrasive Co., 
tion formula of (Ai + i.B3+i) TiOs, Lii+ and Nd3+, ^td. such that the thickness of the sintered object is 
Sm3+, Co3+ or Pr3+ as Ai+ and B3+, respectively. one-half of the diameter thereof. In addition, both sur- 

First, a method of fabricating the microwave ceramic f^^^ tjjg polished object were polished clean again 
composition will be described. using abrasive paper 1500#. Thereafter, the pol- 

As raw materials, high-purity powders of TiOa, Lii- 40 ig^ed object was ultrasonic cleaned by acetone and 
CO3, Nd203, Sm203, C02O3, PreOii were weighed so finally, dried at 100' C. for two hours to prepare a sam- 
as to be predetermined molar fractions. For example, pjg 

used as TiOa is one of a high-purity grade which is -fh^ dielectric constant € and the Q value of the sam- 
manufactured by Toho Titanium Co., Ltd.; used as pie thus prepared were measured using a network ana- 
Li2C03 is one of a 3N grade which is manufactured by 45 ly^er (YHP 8510B) in the neighborhood of the measure- 
Kojundo Kagaku Co., Ltd.; used as Nd203 is one of a „ent frequency of 3 GHz using the dielectric resonator 
3N grade which is manufactured by Mitui Mining and method OHakki-Coleman method). In addition, the tem- 
Smclting Co., Ltd.; used as C02O3 is one of a reagent perature coefficient of resonance frequency rf was cal- 
grade which is manufactured by Kojundo Kagaku Co., culated from the following equation by putting a mea- 
Ltd.; and used as PreOu is one of a 3N grade which is 50 suring system in a constant temperature bath to measure 
manufactured by Mitui Mining and Smelting Co., Ltd. the change in resonance frequency at 0* to 70* C: 

Description is made of a specific example of the fabri- 
cation of the microwave dielectric ceramic composition f - f 
according to the present embodiment using the above /= ^ ^ ^ x lo*(PPM/*e) 
described raw materials. 55 ^ 

First, as molar fractions of the high-purity powders of , _ . ^ ^ ^ 

Ti02, Li2C03, Nd203, Sm203, C02O3, aid PraOn, ^^^'f F70 denotes a resonance fr^iuency at 70 C F20 
Ti02 shall be 1 mole, Li2C03 shall be \ mole. NdjOa °tes a resonance frequency at 20 C, and AT de- 

shall be 1 mole when Nd203 is selected in addition ^^^i? » temperature difference. 

thereto, Sm203 shall be i mole when SmjOa is selected 60 measuremente made by varymg Ai + 

in addition thereto, C02O3 shaU be J mole when C02O3 ® ^^"^ ^• 

is selected in addition thereto, and PreOn shall be 1/12 TABLE 1 

mole when PreOn is selected in addition thereto. s^nj. 

The raw material powders, a nylon ball of 154> and pie dielectric properties 

ethyl alcohol were put in a nylon pot, mixed in the 65 num- composition dielectric Q rf 
following condition, and wet-blended for eight hours. ber A+' constant c value (PPM/*c.) note 

Raw material powders:Nylon ball:£thyl al- 1 Lii+ Nd^^ 80 430 -3 10 
cohol=100g:500g:500cc 2 Li>+ Sm3+ 52 470 -260 
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TABLE 1-continued 



bcr 



sam- 
ple 

composition 
A+1 B3+ 



dielectric properties 



dielectric 
constant c 



Q 

value 



Tf 

(PPM/'C.) 



3 
4 
5* 

6» 



Lii+ Co3+ 
Li»+ Cr3+ 



31 
92 



2200 
340 



-58 
-405 



impossible 
to measure 
impossible 
to measure 
impossible 
to measure 



10 



15 



25 



30 



35 



40 



In the table 1, asterisked samples 5 to 7 are compara- 
tive examples beyond the scope of the present inven- 
tion. In a cx)mbination in the comparative example, the 
sample is sintered. However, the sample is inferior in 
dielectric properties in the microwave region, thereby ^0 
making it impossible to measure the sample. 

On the other hand, as can be seen from the table 1, a 
ceramic composition having a high dielectric constant £ 
and having a temperature coefficient of resonance fre- 
quency rf which is large on the minus side is obtained 
by selecting, in a composition formula of (A^+j.s^+j) 
Ti03, Ti03, Lii+ and Nd3+, Sm3+, Co3+ or Pr3+ as 
and B^^, respectively. 

Description is now made of a second embodiment. A 
ceramic composition according to the second embodi- 
ment is obtained by adding to the ceramic composition 
(Lij'B^+j) TiOa obtained in the above described first 
embodunent MgO, CoO or ZnO when B3+ is Nd3+ or 
Pr3+ or CaCOs, SrCOa or ZnO when is Sm3+. A 
predetermined part by weight of CaCOs. SrCOs or 
ZnO is added to 100 parts by weight of main compo- 
nents of (Lij»B3+i) TiOs. As this additive, used as 
CaCOa is one of a reagent grade which is manufactured 
by Kishida Chemical Co., Ltd., used as SrCOa is one of 
a reagent grade which is manufactured by Kishida 
Chemical Co., Ltd., or used as ZnO is one of a 3N grade 
which is manufactured by Kojundo Kagaku Co., Ltd. 

In the second embodiment, a predetermined amount 
of the above described additive is mixed with powder 
obtained by wet-blending respective raw materials of 
the main components of (Lij-B^n-j) TiOj, followed by 
dryblending. Thereafter, a sample is completed by cal- ^ 
cination, forming and sintering in the same method as 
that in the first embodiment. 

The results of measurements made of the dielectric 
properties of samples to be measured which are pre- 
pared by varying the amount of addition of each of the 55 
above described additives in the neighborhood of the 
measiu-ement frequency of 3 GHz using the Hakki- 
Coleman method are shown in Table 2, Table 3 and 
Table 4. 

Table 2 shows the results of measurements made 
when MgO, CoO or ZnO is added to (Lij-Nd3+ j) TiOa. 

Table 3 shows the results of measurements made 
when CaC03, SrCOa or ZnO is added to (Lij-Sm^+j) 
TiOa. 

Table 4 shows the results of measurements made 
when MgO, CoO or ZnO is added to (Lij-Pr^+i) TiOa. 



60 



65 
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TABLE 2 



dielectric properties 



sample 


additive 


dielectric 


Q 


Tf 


number 


(part by weight) 


constant c 


value 


(PPM/*C.) 












8 


0 


80 


430 


— 310 


9 


1 


71 


900 


—207 


10 


3 


56 


1873 


— 149 


11 


5 


48 


1939 


-150 


12 


10 


40 


2023 


-194 




CoO 








13 


0 


80 


430 


-310 


14 


1 


71 


844 


-262 


15 


3 


64 


1318 


-173 


16 


5 


57 


1936 


-145 


17 


10 


44 


3181 


-82 




ZnO 








18 


0 


80 


430 


-310 


19 


1 


71 


841 


-275 


20 


3 


66 


1183 


-169 


21 


5 


55 


2203 


-126 


22 


10 


42 


2841 


-27 


TABLE 3 






dielectric properties 


sample 


additive 


dielectric 


Q 


Tf 


number 


(part by weight) 


constant € 


value 


(PPMTC.) 




CaCo3 








23 


0 


52 


470 


-260 


24 


1 


56 


676 


-322 


25 


3 


62 


1301 


-154 


26 


10 


49 


1073 


-.275 


27* 


15 


58 


1680 


-38 




SrCX>3 








28 


0 


52 


470 


. ^260 


29 


3 


60 


833 


-272 


30 


5 


63 


909 


-267 


31 


10 


55 


916 


-232 


32» 


15 


65 


386 


-45 




ZnO 








33 


0 


52 


470 


-260 


34 


1 


59 


752 


-230 


35 


3 


48 


1003 


-192 


36 


5 


43 


767 


-no 


37* 


15 


35 


1196 


57 


TABLE 4 






dielectric properties 


sample 


additive 


dielectric 


Q 


Tf 


number 


(part by weight) 


constant c 


value 


(PPM/*C) 




MgO 








38 


0 


92 


340 


-405 


39 


1 


71 


632 


-307 


40 


3 


61 


806 


-210 


41 


10 


43 


941 


-173 


42* 


20 


27 


1057 


-67 




CoO 








32 


0 


92 


340 


-405 


44 


3 


67 


714 


-258 


45 


5 


75 


555 


-336 


46 


10 


46 


1518 


-96 


47* 


20 


32 


4111 


+32 




ZnO 








48 


0 


92 


340 


-405 


49 


1 


76 


S39 


-360 


50 


3 


67 


732 


-276 


51 


5 


57 


1097 


-100 


52* 


20 


32 


6355 


20 



In the tables, asterisked samples 27, 32, 37, 42, 47 and 
52 are comparative examples beyond the scope of the 
present invention. 
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As can be seen from the tables 2 to 4, the Q value is 
improved by the addition of each of the additives. How- 
ever, as the amount of the addition is increased, the Q 
value becomes larger, while the dielectric constant 
become lower. Consequently, the amount of the addi- 
tion of each of the additives is suitably not more than 10 
parts by weight per 100 parts by weight of (Lij-B^+j) 
Ti03. 

Description is now made of a third embodiment. 

A microwave ceramic composition according to the 10 
third embodiment is obtained by selecting, in a composi- 
tion formula of (Ai+.Ai+')20-B3+203-Ti02, Li^+. 
Na*+, and Nd^^ as A*+, A^+\ and 6^+, respectively. 
In the third embodiment, to prepare samples high- 
purity powders of Ti02, Li2C03, Na2C03, and Nd203 15 
are used as raw materials, and the mixture ratio of the 
respective raw materials is changed in the same method 
as that in the first embodiment. The dielectric properties 
of the samples measured in the neighborhood of the 
measurement frequency of 3 GHz using the Hakki- 20 
Coleman method are shown in Table 5. In the table, w, 
X, y and z indicate molar fractions, where 
w-|-x-i-y-|-z=100 mole %. 

TABLE 5 

composition ratio (mole * 



0.0 mole % < w ^ 17.0 mole % 
0.0 mole % ^ X ^ 17.0 mole % 
0.0 mole % < y ^ 2S.0 mole % 
0.0 mole % < z ^ 80.0 mole % 



Particularly when w, x, y and z are set in the follow- 
ing ranges, good dielectric properties are obtained; 



3.0 mole % ^ w ^ 15.0 mole % 
3.0 mole % S x ^ 15.0 mole % 
9.0 mole % ^ y M 25.0 mole % 
0.0 mole % ^ z ^ 80.0 mole % 



Description is now made of a fifth embodiment. 

A microwave ceramic composition according to the 
fifth embodiment is obtained by selecting, in a composi- 
tion formula of (Ai+.AJ+')20-B3+203-Ti02, Li>+, 
Nai+, and Sm3+ as A'+, Ai+', and 6^+, respectively. 
In the fourth embodiment, high-purity powders of 
Ti02, Li2C03, Na2C03, and Sm203 are used as raw 
materials, and the mixture ratio of the respective raw 



sample 
number 


w.Li20— 


-x.Na20- 


-y.Nd203- 


-z.Ti02 




dielectric properties 


w 


X 


y 


z 


e 


Q value 


r f(PPM/*C.) 


S3 


i.00 


8.33 


18.13 


72.54 


76 


805 


+70 


54 


1.50 


8.33 


18.03 


72.14 


97 


715 


+57 


55 


2.00 


8.33 


17.93 


71.74 


96 


665 


+ 52 


56 


2.50 


8.33 


17.83 


71.34 


103 


710 


+41 


57 


3.00 


8.33 


17.73 


70.94 


104 


720 


+ 35 


58 


4.00 


8.33 


17.53 


70.14 


106 


654 


+21 


59 


4.36 


4.55 


18.22 


72.87 


98 


810 


-15 


60 


5.00 


8.33 


17.33 


69.34 


109 


569 


-2 


61 


5.82 


4.55 


17.93 


71.70 


101 


740 


-55 


62 


7.00 


8.33 


16.93 


67.74 


101 


470 


-80 


63- 


7.27 


4.55 


17.64 


70.54 


96 


665 


-83 


64 


9.00 


8.33 


16,93 


67.74 


101 


470 


-80 


65 


10.18 


4.55 


17.05 


68.22 


91 


555 


-255 


66 


13.09 


4.55 


16.47 


65.89 


93 


325 


-165 



As can be seen from table 5, a dielectric ceramic materials is changed in the same method as that in the 
composition expressed by a composition formula of ^st embodiment, to prepare samples. The dielectric 
w*Li20 — X'Na20 — y •Nd203 — Z'Ti02 properties of the samples measured in the neighborhood 

(w-hx+y +z= 100 mole %) has a high dielectric con- 45 of measurement frequency of 3 GHz using the Hak- 
stant €, has a low temperature coefficient of resonance ki-Coleman method are shown in Table 6. In the table, 
frequency rf and has a high Q value. w, x, y and z indicate molar fractions, where 

w-|-x-|-yH-z=100 mole %. 

TABLE 6 

sample comtx>sition ratio (mole %) dielectric properties 

number w x y z c Q value t ftPPM/'C.) 



w.Li^O — x.NazO — y.Nd203— zTi02 



•67 


0.00 


16.67 


16.67 


66.66 


73 


2390 


+213 


68 


3.00 


6.68 


18.67 


71.66 


80 


1200 


+51 


69 


3.60 


6.68 


17.96 


71.76 


80 


1990 


+41 


70 


3.75 


6.68 


17.17 


72.41 


83 


2210 


+44 


71 


4.50 


6.68 


18.67 


70.16 


80 


2670 


0 


72 


4.50 


6.68 


17.17 


71.77 


84 


2100 


+ 35 


73 


4.80 


6.68 


17.72 


70.80 


' .82 


1870 


+21 


74 


5.52 


15.00 


17.00 


^2.48 


82 


1790 


+ 137 


75 


5.85 


10.00 


18.00 


66.15 


68 


1610 


+45 


76 


6.00 


6.68 


18.67 


68.66 


80 


2530 


-29 


77 


6.00 


6.68 


16.42 


70.91 


86 


1590 


+7 


78 


6.00 


6.68 


17.48 


69.84 


83 


1975 


+ 5 


79 


6.18 


5.00 


17.81 


71.01 


79 


2750 


-46 


80 


6.40 


3.34 


18.06 


72.20 


72 


1180 


-62 


81 


6.75 


6.68 


16.42 


70.16 


89 


1180 


-8 


82 


6.75 


6.68 


17.92 


68.66 


82 


2140 


-40 


83 


6.80 


15.00 


17.00 


61.20 


79 


2270 


+ 129 


84 


7.20 


6.68 


17.24 


68.88 


87 


1430 


-28 


85 


7.20 


10:00 


18.00 


61.80 


79 


2140 


+30 
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TABLE 6-continued 



sample 
number 


composition ratio (mole ' 


7o) 




dielectric properties 


w 


X 


y 


z 


e 


Q value 


T f(PPM/°C.) 




w.LijO— 


-x.NasO- 




-z.Ti02 








86 


7.76 


3.00 


19.40 


69.84 


71 


1070 


-119 


87 


8.00 


3.34 


16.33 


72.33 


74 


2040 


+ 8 


88 


8.00 


3.34 


17.74 


70.92 


72 


2220 


-91 


89 


8.00 


3.34 


r9.33 


69,33 


71 


2740 


-122 


90 


8.10 


10.00 


17.10 


64.80 


85 


1930 


+44 


91 


8.75 


3.00 


18.74 


69.74. 


72 


2730 


-132 


92 


9.00 


3.34 


18.33 


69.33 


70 


2500 


+ 138 


93 


10.80 


6.68 


16.52 


66.00 


102 


1170 


+55 


94 


12.00 


6.68 


16.28 


65.04 


82 


1550 


-20 


95 


14.40 


3.34 


16.46 


65.80 


68 


1310 


-184 



10 



In the table, an esterified sample 67 is a comparative 
example beyond the scope of the present invention. 
As can be seen from the table 6, a dielectric ceramic 



using the Hakki-Coleman method are shown in Table 7. 
In the table 7, v, w, x, y and z denote molar fractions, 
where v+w+x+y4'Z=100 mole %. 

TABLE 7 



composition ratio (mole %) 
sample v.Nd^Os— wXi^O— x.Na20— y.SmsOg— z.Ti02 dielectric properties 



number v w x y z e Q value r f(PPM/'C.) 



97 


3.33 


4.80 


3.33 


15.04 


73.50 


83 


750 


+24 


98 


3.33 


5.20 


3.33 


15.60 


72.54 


81 


1250 


+3 


99 


3.33 


6.40 


3.33 


14.72 


72.22 


79 


2250 


-71 


100 


3.33 


8.00 


3.33 


14.40 


70.94 


77 


2200 


-99 


101 


3.33 


11.20 


3.33 


13.76 


68.38 


67 


790 


-212 


102 


3.33 


14.40 


3.33 


13.12 


65.82 


75 


640 


-186 


103 


6.66 


3.90 


6.66 


11,7 


71.08 


89 


1850 


-1 


104 


6.66 


3.60 


6.66 


11.28 


71.80 


92 


1480 


+22 


105 


6.66 


4.80 


6.66 


11.04 


70,84 


78 


2370 


-69 


106 


6.66 


6.00 


6.66 


10.80 


69.88 


94 


1410 


-10 


107 


6.66 


8.40 


6.66 


10.32 


67.96 


98 


860 


-10 


108 


6.66 


10.80 


6.66 


9.84 


66.04 


113 


570 


+77 



composition expressed by a composition formula of 
V/U2O ^ x.Na20 - y .Sm203 - z.Ti02 
(wH-x-hy'+z=100 mole %) has a high dielectric con- 
stant 6, has a low temperature coefficient of resonance 
frequency rf and has a high Q value. In the sample 67 
lacking Li20, the absolute value of the temperature 
coefficient of resonance frequency rf is slightly high, 
w, X, y and z are set in the following ranges: 



0.0 mole % < w ^ 17.0 mole % 
0.0 mole % ^ X ^ 17.0 mole % 
0.0 mole % < y ^ 25.0 mole % 
0.0 mole % < z = 80.0 mole % 



As can be seen from the table 7, a dielectric ceramic 
composition expressed by a composition formula of 
v.Nd203-w.Li20-x.Na20-y.Sm203-x.Ti02 
(v-f.w+x+y+z=100 mole %) has a high dielectric 
constant c, has a low temperature coefficient of reso- 
nance frequency rf and has a high Q value. 

V, W, x, y and z are set in the following ranges: 



0.0 mole % < V S 25.0 mole % 
0.0 mole % g w ^ 17,0 mole % 
0.0 mole % < X ^ 17.0 mole % 
0.0 mole % < y ^ 25.0 mole % 
0.0 mole % < z ^ 80.0 mole % 



Particularly when w, x, y and z are set in the follow- Particular when v, w, x, y and z are set in the follow- 
ing ranges, good dielectric properties are obtained: ^ ing ranges, good dielectric properties are obtained: 



0.0 mole % < w s 15.0 mole % 3.0 mole % S v g 7.0 mole % 

0.0 mole % ^ X ^ 15.0 mole % 3.0 mole % £ w £ 15.0 mole % 

0.0 mole % < y ^ 20.0 mole % 0.0 mole % ^ x S 7.0 mole % 

0.0 mole % < z ^ 75.0 mole % 55 0.0 mole % < y S 16.0 mole % 

• • • 0.0 mole % < z £ 75.0 mole % 



Description is now made of a fifth embodiment 

A microwave ceramic composition according to the Description is now made of a sixth embodunent. 
fifth embodiment is obtained by selecting, in a composi- A microwave ceramic composition according to the 
tion formula of (Al+-Al+')20— <p3+.B3+')203-Ti02, 60 sixth embodiment is obtained by selecting, in a composi- 
Lii+, Nai+. Sm5+, and Nd3+ as A>+, Ai+', B3+, and tion formula of (Ai+.A^+ hO-O^+.B^+'hOs-TiO^ 
B3+', respectively. Inthe fifth embodiment, high-purity Lii+, Nai+, Sm3+, and Pr3+ as Al+, A^^\ B3+, and 
powders of Ti02, Li2C03. Na2CX>3, Nd203, and Sm203 B^+'y respectively. In the sixth embodiment, high- 
are used as raw materials, and the mixture ratio of the purity powders of Ti02, Li2CXD3. Na2CX>3, Nd203, and 
respective raw materials is changed in the same method 65 Pr60ii arc used as raw materials, and the mixture ratio 
as that in the first embodiment, to prepare samples. The of the respective raw materials is changed in the same 
dielectric properties of the samples measured in the method as that in the first embodiment, to prepare sam- 
neighborhood of the measurement frequency of 3 GHz pies. The dielectric properties of the samples measured 
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in the neighborhood of the measurement frequency of 3 seventh embodiment, high-purity powders of TiOi, 

GHz using the Hakki-Coleman method are shown in Li2C03, CaCOs, and Sm203 are used as raw materials, 

Table 8. In the table, v, w, x, y and z indicate molar and the mixture ratio of the respective raw materials is 

fractions, where v+w+x+y+z = 100 mole %. changed in the same method as that in the first embodi- 

TABLES 



composition ratio (mole %) 



sample 
number 


v.PriP,- 


-w.Li20— x.NaiO- 


■-y.Sm203~ 


-z.Ti02 




dielectric properties 


V 


w 


X 


y 


z 


e 


Q value 


T f(PPM/"C.) 


109 


3.33 


4.80 


3,33 


15,04 


73.50 


84 


830 


+26 


no 


3.33 


6.40 


3.33 


14.72 


72.22 


81 


2050 


-50 


111 


3.33 


8.00 


3.33 


14.40 


70.94 


78 


2000 


-97 


112 


3.33 


11.20 


3.33 


13.76 


68.38 


69 


720 


-217 


U3 


3.33 


14.40 


3.33 


13.12 


65.82 


76 


670 


-195 


114 


6.66 


3.60 


6.66 


11.28 


71.80 


95 


1170 


+ 34 


lis 


6.66 


4.80 


6.66 


11.04 


70.84 


95 


1120 


+ 15 


116 


6.66 


6.00 


6.66 


10.80 


69.88 


99 


1080 


+ 16 


117 


6.66 


8.40 


6.66 


10.32 


67.96 


106 


560 


+20 


118 


6.66 


10.80 


6.66 


9.84 


66.04 


lis 


390 


+93 



As can be seen from the table 8, a dielectric ceramic 
composition expressed by a composition formula of 
v.Pr203 — w.Li20 — x-Na20 — y •Sm203 — z-Ti02 
(v+w+x+y+z=100 mole %) has a high dielectric 
constant c, has a low temperature coefficient of reso- 
nance frequency rf and has a high Q value. 



ment, to prepare samples. The dielectric properties of 
20 the samples measured in the neighborhood of the mea- 
surement frequency of 3 GHz using the Hakki-Coleman 
method are shown in Table 9. In the table, w, x, y and 
z denote molar fractions, where v+w-f-x+y-hz=100 
mole %. 

TABLE 9 



composition ratio (mole %) 
sample w.LiaO — x.CaO— y.SmaOa— z.Ti02 
number w x z 



dielectric propenies 



Q value t f(PPM/'C.) 



119 


3.50 


20.00 


11.28 


65.12 


90 


1840 


+ 164 


120 


4.80 


10.00 


15.40 


70.16 


87 


1590 


+ 21 


121 


4.80 


20.00 


11.04 


64.16 


104 


1720 


+ 155 


122 


S.00 


10.00 


10.00 


75.00 


89 


1390 


+55 


123 


6.00 


20.00 


10.80 


63.20 


111 


1630 


+ 156 


124 


6.40 


10.00 


14.72 


68.88 


92 


1910 


+8 


125 


8.00 


10.00 


14.40 


67.60 


95 


1780 


-8 


126 


8.40 


20.00 


10.32 


61.28 


121 


1510 


+ 179 


127 


11.20 


10.00 


13.76 


65.04 


106 


1550 


+ 8 


128 


20.00 


10.00 


10.00 


75.00 


75 


1700 


-44 


129 


7.00 


17.00 


13.00 


63.00 


98 


1980 


-15 


130 


8.00 


17.00 


12.00 


63.00 


104 


1500 


+7 


131 


9.00 


16.00 


12.00 


63.00 


105 


1550 


-2 


132 


9.00 


17.00 


11.00 


63.00 


108 


1190 


+45 


133 


12.50 


12.50 


12.50 


62.50 


103 


1277 


+ 6 


134 


8.82 


23.53 


8.82 


S8.83 


123 


1156 


+ 154 


135 


5.56 


33.33 


5.56 


55.55 


133 


1025 


+457 


136 


2.63 


42.11 


2.63 


52.63 


108 


1190 


+ 835 



v, w, X, y and z are set in the following ranges: 

As can be seen from the table 9, a dielectric ceramic 
— — — ^— composition expressed by a composition formula of 
liZ^lt w.LbO-x.CaO-y.Sm.O3-zTiO^(w+x+y+z=100 
0.0 mole % ^ X ^ 7.0 mole % 50 ^^le %) has a high dielectric constant c, has a low 

0.0 mole % < y ^ 16.0 mole % temperature coefficient of resonance frequency rf and 

0.0 mole % < 2 g 75.0 mole % has a high Q value. 

Particularly when v, w, x, y and z are set in the fol- 
Particularly when v, w, x, y and z are set in the fol- lowing ranges, good dielectric properties are obtained: 
lowing ranges, good dielectric properties are obtained: 55 



3.0 mole % ^ V g 7.0 mole % 
3.0 mole % S w S 15.0 mole % 
3.0 mole % S x ^ 7.0 mole % 
9.0 mole % ^ y ^ 16.0 mole % 
65.0 mole % ^ z £ 75.0 mole % 



Description is now made of a seventh embodiment. 

A microwave ceramic composition according to the 
seventh embodiment is obtained by selecting, in a com- 
position formula of AI+2O— CaO— B3+2O3— Ti02, 
Li>+ and Sm3+ as Ai+ and 8^+, respectively. In the 



0.0 mole % < w ^ 25.0 mole % 
0.0 mole % £ X < 50.0 mole % 
0.0 mole % < y £ 20.0 mole % 
0.0 mole % < z £ 80.0 mole % 



Description is now made of an eighth embodiment. 

A microwave ceramic composition according to the 
eighth embodiment is obtained by selecting, in a compo- 
sition formula of AI+2O— CaO— B3+2O3— Ti02, Li* + 
and Nd3+ as Ai+ and 6^+, respectively. In the eighth 
embodiment, high-purity powders of Ti02, Li2C03, 
CaCOs, and Nd203 are used as raw materials, and the 



60 



65 
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mixture ratio of the respective raw materials is changed 
in the same method as that in the first embodiment, to 
prepare samples. The dielectric properties of the sam- 
ples measured in the neighborhood of the measurement 
frequency of 3 GHz using the Hakki-Coleman method 
are shown in Table 10. In the table, w, x, y and z indi- 
cate molar fractions, where v-f w+x+y-f z^lOO mole 
%. 

TABLE 10 



a: (Lij.Ndi) TiOj 
c; (Li^.Snn) TiOj 



b: (Nai-Ndj) TiOs 
d: (Nat-SmQ TiOz 



TABLE 11 



dielectric properties 



sample mixture ratio 



dielectric 



r f 





composition ratio (mole 


%) 








sample 


w.Li20~ 


-x.CaO- 


-v.Nd,0.- 


-z.Ti02 




dielectnc properties 


number 


w 


X 


y 


z 


€ 


Q value 


T f(PPM/*C.) 


137 


14.52 


6.45 


14.52 


64.52 


104 


810 


-129 


138 


4.00 


16.66 


12.53 


66.80 


109 


672 


+ 8 


139 


5.00 


16.66 


12.27 


65.73 


114 


790 


+ 5 


140 


6.70 


16.66 


12.00 


64.67 


118 


802 


+ 3 


141 


9.30 


16.66 


11.47 


62.53 


118 


820 


+ 12 


142 


12.00 


16.66 


10.93 


60.40 


124 


662 


+ 18 


143 


18.00 


16.66 


8.74 


56.60 


141 


405 


+25 


144 


8.50 


30.50 


5.50 


55.50 


151 


1785 


+ 275 


145 


1.70 


28.57 


8.23 


61.49 


109 


1265 


+ 185 


146 


2.14 


28.57 


8.57 


60.71 


110 


1500 


+ 157 


147 


3.43 


28.57 


7.89 


60.11 


124 


834 


+ 128 


148 


6.00 


28.57 


7.37 


58.06 


129 


1105 


+ 131 


149 


12.50 


12.50 


12,50 


62.50 


125 


879 


+38 


150 


8.82 


23.53 


8.82 


58.83 


135 


989 


+ 171 


151 


5.56 


33.33 


5.56 


55.55 


141 


962 


+ 323 


152 


2.63 


42.11 


2.63 


52.63 


150 


1683 


+472 



As can be seen from the table 10, a dielectric ceramic 
composition expressed by a composition formula of 
w.Li20 - x-CaO - y -NdiOs - zTiOa (w-i-x-hy+ = 100 
mole %) has a high dielectric constant €, has a low 
temperature coefficient of resonance frequency Tf and 
has a high Q value. 

w, X, y and z set in the following ranges: 



0.0 mole % < w S 25.0 mole % 
0.0 mole % ^ X < 50.0 mole % 
0.0 mole % < y ^ 20.0 mole % 
• 0.0 mole % < 2 g 80.0 mole % 

Particularly when w, x, y and z are set in the follow- 
ing ranges, good dielectric properties are obtained; 



30 



35 



number 


(mole %) 


constant € 


value 


(PPM/*C.) 




^_a 


b 








153 


80 


20 


100 


851 


-15 


154 


60 


40 


108 


511 


58 


155 


40 


60 


106 


513 


205 


156 


20 


80 


88 


881 


245 




_a 


d 








157 


80 


20 


95 


1099 


-7 


158 


60 


40 


99 


914 


32 


159 


40 


60 


95 


1072 


144 


160 


20 


80 


75 


1566 


185 



0.0 mole % < w ^ 20.0 mole % 
0.0 mole % g X < 50.0 mole % 
0.0 mole % < y g 20.0 mole % 
50.0 mole % Si z £ 80.0 mole % 



Description is now made of a ninth embodiment A SO 
ceramic composition according to the ninth embodi- 
ment is obtained by mixing the ceramic composition 
(Li|*B3+j) TiOs obtained in the above described first 
embodiment and a ceramic composition (Naj-C^+j 
)Ti03 having dielectric constant € and having a temper- 55 
ature coefficient of resonance frequency rf which is 
large on the plus side. At this time, Nd3+ or Sm^+ and 
Nd3+ or Sm5+ are respectively selected as and 

C3+. - 

Samples are prepared in the same method as that in 60 
the first embodiment, and the dielectric constant c, the 
Q value, and the temperature coefficient of resonance 
frequency rf of the samples are measured in the neigh- 
borhood of the measurement frequency of 3 GHz usmg 
the Hakki-Coleman method. 

The results of the measurements are shown in Table 
1 1 and Table 12. In the tables, a, b, c and d are as fol- 
lows: 



40 



45 



TABLE 12 



sample 
nimiber 


mixture ratio 
(mole %) 


dielectric properties 


dielectric 
constant c 


Q 
value 


Tf 

(PPM/*C.) 




_c 


b 








161 


80 


20 


76 


1665 


-64 


162 


60 


40 


89 


1297 


12 


163 


40 


60 


99 


910 


162 


164 


20 


80 


90 


1081 


220 







d 








165 


80 


20 


70 


1884 


-^69 


166 


60 


40 


79 


2023 


17 


167 


40 


60 


81 


1314 


116 


168 


20 


80 


68 


1537 


178 



65 



As can be seen from the tables 11 and 12, a ceramic 
composition having a high dielectric constant e, having 
a low temperature coefficient of resonance frequency rf 
and having a high Q value is obtained by mixing a ce- 
ramic composition (Naj-C^+j) Ti03 (C^+r Nd^^, 
Sm^+) having a high dielectric constant € and having a 
temperature coefficient of resonance frequency rf 
which is large on the plus side and a ceramic composi- 
tion (Lij-B3+ j) Ti03 (B3+: Nd3+, Sm3+) having a high 
dielectric constant € and having a temperature coeffici- 
ent of resonance frequency rf which is large on the 
minus side. 

FIG. 1 is a characteristic diagram showing the char- 
acteristic curve of a dielectric constant c and a tempera- 
ture coefficient of resonance frequency rf against the 
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mixture ratio of (Lij-Sm^) TiOs to (Nai-Sm^) TiOs. The 
mixture ratio is thus changed, to obtain ceramic compo- 
sitions having various properties. 

The ceramic composition according to the ninth em- 
bodiment shown in the tables It and 12 i& obtained by 
mixing the ceramic composition (Lij-Nd^) TiOa or 
(Lij'Smj) TiOa obtained in the above described first 
embodiment and a ceramic composition (Naj-Nd^) 
TiOs or (Nai'Smj) TiOa having a high dielectric con- 
stant € and having a temperature coefficient of reso- 
nance frequency rf which is large on the plus side. 
When the same ceramic composition as that in the ninth 
embodiment is obtained using high-purity powders of 
Ti02, Li2C03, NaaCOa, Sm203, and NdiOa as raw 
materials, the mixture ratios of the respective raw mate- 
rials are as shown in Table 13 to Table 15. The dielectric 
properties of samples of the ceramic composition 
formed in the mixture ratios are the same as those of the 
samples shown in the tables 11 and 12. In the tables 13 
to 15, sample numbers in parentheses correspond to the 
samples shown in the tables 1 1 and 12. 

TABLE 13 



sample 

number 


composition ratio (mole 
w.LijO — x.Na20— y.NdjO^- 


%) 

-z.Ti02 


w 




y 


z 


169(153) 


13.33 


3.33 


16.67 


66.67 


170(154) 


9.99 


6.77 


16.67 


66.67 


171(155) 


6.77 


9.99 


16.67 


66.67 


172(156) 


3.33 


13.33 


16.67 


66.67 



TABLE 14 



composition ratio (mole %) 



sample 


v.NdjOj. 


— w.Li20- 


-x.Na20- 


-y.Sm20^- 


-z.Ti02 


number 


V 


w 


X 


y 


z 


173(157) 


13.34 


13.33 


3.33 


3.33 


66.67 


174(158) 


9.99 


9.99 


6.67 


6.68 


66.67 


175(159) 


6.68 


6.67 


9.99 


9.99 


66.67 


176(160) 


3.34 


3.33 


13.33 


13.33 


66.67 


177(161) 


3.33 


13.33 


3.33 


13.34 


66.67 


178(162) 


6.68 


9.99 


6.67 


9.99 


66.67 


179(163) 


9.99 


6.67 


9.99 


6.68 


66.67 


180(164) 


13.33 


3.33 


13.33 


3.34 


66.67 



20 



25 



30 



35 



40 



45 



TABLE 15 



sample 
number 


composition ratio (mole 
w.LiiO— x.Na20— y.Sm203- 


%) 

-z,Ti09 


w 


X 


y 


z 


181(165) 


13.33 


3.33 


16.67 


66.67 


182(166) 


9.99 


6.67 


16.67 


66.67 


183(167) 


6.67 


9.99 


16.67 


66.67 


184(168) 


3.33 


13.33 


16.67 


66.67 



16 

TABLE 16 



sample 
num- 
ber 



dielectric properties 



mixture ratio (mole %) 
CaTiOs 



_ dielectric 
constant € 



Q 
value 



Tf 

(PPM/'C.) 



10 





_a 










185 


80 


20 


125 


879 


38 


186 


60 


40 


135 


989 


171 


187 


40 


60 


141 


962 


323 


188 


20 


80 


ISO 


1683 


472 


189 


_c 

80 


20 


103 


1277 


6 


191 


60 


40 


123 


1156 


154 


192 


40 


60 


133 


1025 


305 


193 


20 


80 


144 


1822 


457 



15 



As can be seen from the table 16, a dielectric ceramic 
composition having a dielectric constant € which takes 
a large value exceeding 100 , having a low temperature 
coefficient of resonance frequency rf and having a high 
value is obtained. 

A characteristic curve of a dielectric constant € and a 
temperature coefHicient of resonance frequency rf 
against the mixture ratio of (Lij-B^+j) TiOj to CaTiOa 
is shown in FIG. 2 (B3+=Nd3+) and FIG. 3 
(B3+ = Sm3+). 

Description is now made of the tenth embodiment 
using CaTi03 as a ceramic composition having a high 
dielectric constant c and having a temperature coeffici- 
ent of resonance frequency rf which is large on the plus 
side. 

The ceramic composition according to the tenth em- 
bodiment shown in the table 16 is obtained by mixing 
the ceramic composition (Lij'Nd^) TiOs or (Lij-Smj) 
TiOs obtained in the above described first embodiment 
and CaTiOa. When the same ceramic composition as 
that in the tenth embodiment is obtained using high- 
purity powders of TiOa, LiiCOs, Sm203, Nd203, and 
CaCOs as raw materials, the mixture ratios of the ce- 
ramic composition are as shown in Table 17 and Table 
18. The dielectric properties of samples of a ceramic 
composition formed in the mixture ratios are the same 
as those of the samples shown in the table 16. In the 
tables 17 and 18, sample numbers in parentheses corre- 
spond to the samples shown in the table 16. 

TABLE 17 



sample 



composition ratio (mole %) 
w.LijO— x.CaO— 'V.NdsOa— z.Ti02 
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number 


w 


X 


y 


z 


194(185) 


12,50 


12.50 


12,50 


62.50 


195(186) 


8.82 


23.53 


8.82 


58.83 


196(187) 


5,56 


33.33 


5.56 


55.55 


197(188) 


2.63 


42.11 


2.63 


52.63 



Description is now made of a tenth embodiment using 
CaTiOs as a ceramic composition having a high dielec- 
tric constant € and having a temperature coefficient of 
resonance frequency rf which is large on the plus side. 

Table 16 shows the results of measurements made of ^ 
the dielectric properties of samples of a dielectric com- 
position obtained by selecting, in a composition formula 
of (Lij.B3+}) Ti03-CaTi03, Nd3+ or Sm3+ as in 
the same manner as that in the first embodiment in the 
neighborhood of the measurement frequency of 3 GHz 65 
using the Hakki-Ck>leman method. 

In the table 16, a and c are the same as those in the 
tebles 11 and 12. 



TABLE 18 



composition ratio (mole %) 
umple w.Li?0— x.C>0--y.Sm203— ».Ti03 



number 


w 


X 


y 


z 


199(189) 


12.50 


12.50 


12.50 


62.50 


199(190) 


.8.82 


23.53 


8.82 


58.83 


200(191) 


5.56 


33.33 


5.56 


55.55 


201(192) 


2.63 


42.11 


2.63 


52.63 



Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
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of the present invention being limited only by the terms 
of the appended claims. 
What is claimed is: 

1. A microwave dielectric ceramic composition com- 
prising a composition according to the formula 
(Ai + j.B3+i)Ti03, wherein is LiH-, and B^^ is a 
member of the group consisting of Nd+, Sm^^, Co^^ 
and Pr3+. 

2. A microwave dielectric ceramic composition con- 
sisting essentially of: 100 parts by weight of a ceramic 
(Lij-Ndi)Ti03; and 10 parts by weight of a member 
from the group consisting of MgO, CoO, and ZnO. 

3. A microwave dielectric ceramic composition con- 
sisting essentially of: 100 parts by weight of a ceramic 
(Lij'Pr|)Ti05; and 10 parts by weight of a member from 
the group consisting of MgO, CoO, and ZnO. 

4. A microwave dielectric ceramic composition con- 
sisting essentially of: 100 parts by weight of a ceramic 20 
(Lij-Smj)Ti03; and 10 parts by weight of a member 
from the group consisting of CaCOs, SrCOs, and ZnO. 

5. A microwave dielectric ceramic composition com- 
prising a composition according to the formula w«A^+~ 
2O — x-Ai + '2O — y +2O3 — z-Ti02, wherein 
w-hx-f y+2= 100 % mole, Ai+ is Li^+, A^+', is Nai+, 
and 3^+ is a member of the group consisting of Nd^+ or 
Sm3+. 

6. The microwave dielectric ceramic composition 30 
according to claim 2, wherein 8^+ is Nd3+, and w, x, y 
and z are in the following ranges: 
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9. The microwave dielectric ceramic composition 
according to claim 5, wherein B^+' is Nd+ and v, w, x, 
y and z are in the following ranges: 



25 



0.0 mole < w g 17.0 mole %, 
0.0 mole S X ^ 17.0 mole %, 
0.0 mole < y S 25.0 mole %, 
0.0 mole < z £ 80.0 mole %. 



0.0 mole < V ^ 25.0 mole %, 
0.0 mole < w ^ 17.0 mole %, 
0.0 mole g X S 17.0 mole %, 
0.0 mole < y ^ 25.0 mole %, 
0.0 mole < z £ 80.0 mole %. 



10. The microwave dielectric ceramic composition 
according to claim 5, wherein B^+' is Pr3+, and v, w, x 
y and z are in the following ranges: 



0.0 mole < V ^ 7.0 mole 
0.0 mole < w ^ 15.0 mole %, 
0.0 mole S X ^ 7.0 mole %. 
0.0 mole < y ^ 16.0 mole %, 
0.0 mole < z S 75.0 mole %. 



11. A microwave dielectric ceramic composition 
comprising a composition according to the formula 
w. A 1 + 2O - xCaO - y + O3 — z-TiOi, wherein 
w-|-x+y-|-z=100 % mole, Ai+ is Li>+, and is a 
member of the group consisting of Sm3+ an Nd3+. 

12. The microwave dielectric ceramic composition 
according to claim 8, wherein 3^+ is Sm3+, and w, x, y 
and z are in the following ranges: 

13. The microwave dielectric ceramic composition 
according to claim 8, wherein 3^+ is Nd^+, and w, x, y 
and z are in the following ranges: 
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0.0 mole < w £ 25.0 mole %, 
0.0 mole ^ X < 50.0 mole %. 

0.0 mole < y ^ 20.0 mole %, 
0.0 mole < z g 80.0 mole %. 



7. The microwave dielectric ceramic composition 
according to claim 2, wherein 3^+ is Sm+, and w, x, y 
and z are in the following ranges: 
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0.0 mole < w ^ 25.0 mole %, 
0.0 mole ^ X < 50.0 mole %, 
0.0 mole < y S 20.0 mole %, 
0.0 mole < z £ 80.0 mole %. 



0.0 mole < w ^ 17.0 mole %» 
ao mole ^ X ^ 17.0 mole %, 
0.0 mole < y ^ 20.0 mole %. 
0.0 mole < z ^ 75.0 mole %. 
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8. A microwave dielectric ceramic composition com- 
prising a composition according to the formula 
v.B3+'203-w.Ai+20-x.A5+'20-yB3+203-z- 
•Ti02, wherein, is Lii+, A^+' is Nai+, 3^+ is 

Sm3+, and 3^+' is a member of the group consisting of 55 consisting of Nd3+ and Sm3+ 
Nd3+ and Pr^^. 



14. A microwave dielectric ceramic composition 
comprising a composition according to the formula 
x<Lij.33+ j) TiO3-(100-x) (NajC^+j) TiOs, wherein 
0 mole %<x<100 mole %, and B+ and are, re- 
spectively, a member of the group consisting of Nd3+ 
and Sm5+. 

15. A microwave dielectric ceramic coonposition 
comprising a composition according to the formula 
x.(Lij-33+j) Ti03— (100— x) (CaTiOs, wherein 0 mole 
% <x< 100 mole %, and 3^+ is a member of the group 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 5, 188,993 Page I of 2 

DATED : February 23, 1993 

INVENTOR(S) : Hisakazu Takashi et al 

It is certified that error appears In the above-lndentified patent and that said Letters Patent is hereby 
corrected as shown below: 



Column 8, TABLE 6, change "w.LiaO-x.Na^O-y.NdaOa-z.TiOa** to --w.LijO 

,Na20-y.Snn203-z.Ti02-. 

Column 9, TABLE 6, change "w.Li20-x,Na20-y.Nd203-z.Ti02" to --w.LiaO 

.Na2O-y.Sm2O3-z.TiO2-. 

Column 11, TABLE 8, change "v.Pr2P3-w.Li20-x.Na20'y.Sm203-z.Ti02" to 
-v.Pr2O3-w.Li2O-x.Na2O-y.Sm2O3-z.TiO2-. 

Column 17, line 2„ change "according to claim 2," to 
-according to claim 5,~, 

Column 17, ^^^^ 2, change "according to claim 2/' to 
-according to claim 5,--. 

Column 18, line 2, change "according to claim 5," to 
-according to claim 8,—. 

Column 18 line 2. change "according to claim 5," to 
-according to claim 8.-. 

Column 18, line 2, change "according to claim 8/' to 
-according to claim 1 1 
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